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(57) The present application generally provides de- 
vices and methods for tensioning a length of suture. In 
one embodiment, a suture tensioning device is provided 
having a shaft and a suture grasping member. A locking 
and engaging element can be removably coupled to a 
distal end of the shaft, and it can be adapted to receive 



a suture and to lock to engage the suture. The suture 
grasping member can be movably coupled to the shaft 
and configured to grasp a suture and pull it through the 
locking and engaging element to allow the locking and 
engaging element to lock and engage the suture. 
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Description 

FIELD OF THE INVENTION 

[0001] The invention relates broadly to methods and 
devices for tensioning a suture. 

BACKGROUND OF THE INVENTION 

[0002] Severe obesity is a major health risk that can 
decrease life expectancy and give rise to a number of 
other associated ailments, including the onset of cardio- 
vascular disease, hypertension, diabetes and severe ar- 
thritis. A number of surgical procedures can be performed 
to aid in the treatment of obesity. The most common pro- 
cedure is a gastric restriction procedure in which opposed 
gastric walls are fastened or stapled together to effec- 
tively reduce the volume of a patient's stomach. More 
specifically, the stomach is divided by a series of staples 
or fasteners that extend vertically for about 2.5 inches to 
create a smaller stomach pouch. The outlet of the pouch 
into the larger stomach limits the amount of foodthe stom- 
ach can hold and reduces the rate of gastric emptying. 
[0003] Some gastric restriction procedures utilize a se- 
ries of fasteners that are coupled by a suture used to 
cinch and pull the fastened tissue together. Suture-cou- 
pled fasteners offer the advantage of allowing the sur- 
geon to adjust the tension of the sutures, if necessary, 
whereas staples must be removed and reapplied. In par- 
ticular, because the stomach is resilient and tends to 
stretch to return to its original state, it is often necessary 
to re-create the gastric restriction over time. Where the 
stomach is stapled, the original staples must be removed 
and replaced. Suture-coupled fasteners, on the other 
hand, allow the surgeon to merely apply additional ten- 
sion to the suture to keep the stomach walls together. 
[0004] It may also be necessary to tension the suture 
during the initial gastric restriction procedure. While su- 
ture-coupled fasteners tend to be more advantageous 
than staples, as the surgeon is attaching the fasteners 
to the opposed walls of the stomach, slack or loops of 
excess suture can form. For the gastric restriction pro- 
cedure to be successful, the suture must be tightly 
cinched to pull the gastric walls together so that the re- 
duced volume of the patient's stomach can be main- 
tained. If any slack or loose loops of suture are present, 
the stomach will expand and the restriction procedure 
will not be effective. Where additional tension is not ef- 
fective to remove any slack or loops, it may be necessary 
to knot the excess suture to prevent it from loosening. 
[0005] Accordingly, a need exists for methods and de- 
vices for tensioning a length of suture. 

SUMMARY OF THE INVENTION 

[0006] The present invention generally provides devic- 
es and methods for tensioning a length of suture. In one 
embodiment, a suture tensioning device is provided hav- 



ing a shaft, a knotting element, and a suture grasping 
member. The knotting element can be removably cou- 
pled to a distal end of the shaft, and it can be adapted to 
receive a suture and to lock to engage the suture. The 
5 suture grasping member can be movably coupled to the 
shaft, and it can be configured to grasp a suture and pull 
it through the knotting element to allow the knotting ele- 
ment to lock and engage the suture. 
[0007] The suture grasping member can have a variety 
10 of configurations, but in one exemplary embodiment it 
can be slidably disposed within an inner lumen formed 
in the shaft and it can extend through at least a portion 
of the knotting element. The suture grasping member 
can include a hook formed on a distal end thereof and 
15 adapted to engage a length of suture. 

[0008] The knotting element can also have a variety 
of configurations, but in one exemplary embodiment it 
can include an outersleeve and an insert receivable with- 
in the outer sleeve for locking a suture therebetween. 
20 The insert can be sized to secure a suture by interference 
fit. For example, the insert can be compressible and the 
outer sleeve can be sized to compress the insert therein. 
The insert and outer sleeve can also include a locking 
mechanism formed therebetween and adapted to pre- 
25 vent the insert from backing out of the sleeve once re- 
ceived therein. The locking mechanism, for example, can 
include a flange formed on the insert and a complemen- 
tary cam formed on the sleeve and adapted to engage 
the flange. 

30 [0009] The device can also include features to allow 
the knotting element to removably mate to the shaft. In 
one aspect, a distal end of the shaft and a proximal end 
of the knotting element can include a mating element 
adapted to removably mate the knotting element to the 
35 shaft. The mating element can be, for example, at least 
one pin and at least one bore adapted to receive and 
engage the pin. The pin(s) can be sized such that it is 
held in the bore(s) by interference fit. Various techniques 
can be used to release the pin(s) from the bore(s). 
40 [001 0] The shaft can also have a variety of configura- 
tions, but in an exemplary embodiment it can include an 
actuator that is adapted to advance the insert into the 
outersleeve of the knotting elementto lock a suture there- 
in. The actuator can include a rod that extends through 
45 an inner lumen of the shaft. In one embodiment, the distal 
end of the rod and a proximal end of the insert can include 
a mating element adapted to removably mate the insert 
to the rod. The mating element can be, for example, at 
least one pin and at least one bore adapted to receive 
50 and engage the pin. In a further embodiment, the pin(s) 
can be sized such that it is held in the bore(s) by inter- 
ference fit. 

[0011] In another aspect of the invention, a method for 
tensioning suture is provided and includes engaging a 
55 length of suture with a suture grasping member coupled 
to a shaft. The suture can have opposed ends extending 
through tissue. The suture grasping member is then re- 
tracted to pull the suture through a knotting element cou- 
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pled to a distal end of the shaft to tension the suture 
relative to the tissue. A mechanism on the shaft can be 
actuated to lock the knotting element with the suture 
therein, and the knotting element can be released from 
the shaft. I nan exemplary embodiment, the suture grasp- 
ing member is advanced distally through at least a portion 
of the knotting element, and the suture is engaged with 
a hook formed on a distal end of the suture grasping 
member. In another aspect, actuating the knotting ele- 
ment can include advancing an insert into an outersleeve 
of the knotting element to compress the insert and en- 
gage a suture extending therethrough. Releasing the 
knotting element can include releasing a proximal end of 
the insert from a distal end of a rod that extends through 
an inner lumen of the shaft. Releasing the knotting ele- 
ment can also include releasing a proximal end of the 
sleeve from a distal end of the shaft. 
[0012] In yet another aspect of the invention, a method 
of reconditioning the suture tensioning device is provided 
and includes replacing or cleaning at least a portion of 
at least one of the shaft, knotting element, and suture 
grasping member. The method can further include dis- 
assembling at least a portion of the device before the 
step of replacing or cleaning. The method can also in- 
clude reassembling at least a portion of the device after 
the step of replacing or cleaning. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 3] The invention will be more fully understood from 
the following detailed description taken in conjunction 
with the accompanying drawings, in which: 
[0014] FIG. 1 A is a perspective view of one embodi- 
ment of a knotting element having an insert and an outer 
sleeve; 

[0015] FIG. 1 B is across-sectional view of the knotting 
element shown in FIG. 1 with the insert received within 
the outer sleeve; 

[0016] FIG. 2A is a perspective view of one embodi- 
ment of a suture tensioning device showing the knotting 
element of FIGS. 1 A and 1 B coupled thereto; 
[001 7] FIG. 2B is a cross-sectional view of the suture 
tensioning device and knotting elementshown in FIG. 2A; 
[0018] FIG. 3 is a perspective view of a shaft of the 
suture tensioning device shown in FIG. 2A; 
[0019] FIG. 4 is a perspective view of an actuator of 
the suture tensioning device shown in FIG. 2A; 
[0020] FIG. 5 is a perspective view of a suture grasping 
member of the suture tensioning device shown in FIG. 
2A; 

[0021] FIG. 6Ais a perspective view of the suture ten- 
sioning device shown in FIG. 2A showing the suture 
grasping member extending through the knotting ele- 
ment and engaging a length of suture; 
[0022] FIG. 6 B is a perspective view of the suture ten- 
sioning device shown in FIG. 6A showing the suture 
grasping member in a retracted position to pull the suture 
through the knotting element; 



[0023] FIG. 6C is a cross-sectional view of a distal por- 
tion of the suture tensioning device and the knotting el- 
ement shown in FIG. 6B showing a suture locked in the 
knotting element; 
5 [0024] FIG. 6D is across-sectional view of the knotting 
element of FIG. 6C detached from the suture tensioning 
device; 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] Certain exemplary embodiments will now be 
described to provide an overall understanding of the prin- 
ciples, structure, function, manufacture, and use of the 
devices and methods disclosed herein. One or more ex- 
amples of these embodiments are illustrated in the ac- 
companying drawings. Those skilled in the art will under- 
stand that the devices and methods specifically de- 
scribed herein and illustrated in the accompanying draw- 
ings are non-limiting exemplary embodiments and that 
the scope of the present invention is defined solely by 
the claims. The features illustrated or described in con- 
nection with one exemplary embodiment may be com- 
bined with features of other embodiments. Such modifi- 
cations and variations are intended to be included within 
the scope of the present invention. 
[0026] The present invention generally provides devic- 
es and methods for tensioning a length of suture. In an 
exemplary embodiment, a suture tensioning device is 
provided having a shaft and a suture grasping member 
movably coupled to the shaft. The device can be config- 
uredto removably couple to a knotting elementfor locking 
suture extending therethrough. In particular, the suture 
grasping member can be configured to grasp a suture 
and pull it through the knotting element to allow the knot- 
ting element to lock and engage the suture thereby ten- 
sioning the suture relative to tissue through which the 
suture extends. While the suture tensioning device can 
be used in any procedure in which it is desirable to tension 
suture, the suture tensioning device is particularly effec- 
tive for use in tensioning slack or loops that have formed 
in sutures used to join opposed walls of the stomach dur- 
ing a gastric restriction procedure and/or for use in ten- 
sioning suture which has become loose or otherwise 
needs to be re-tensioned. 

[0027] The suture tensioning devices and methods 
disclosed herein can be used with any device or element 
known in the art that is effective to knot or lock a suture 
therein. By way of non-limiting example, FIGS. 1 A and 
1 B illustrate one exemplary embodiment of a knotting 
element 1 0 that can be used with the suture tensioning 
devices and methods disclosed herein. As shown, the 
knotting element 10 includes an outersleeve 12 and an 
insert 1 6 receivable within the outer sleeve 1 2. The outer 
sleeve 1 2 has a generally cylindrical shape with an inner 
lumen 14 extending between proximal and distal ends 
1 2a, 1 2b thereof. The lumen 1 4 preferably has a size and 
shape that is effective to receive the insert 16 therein, 
and more preferably that is effective to compress at least 
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a portion of the insert 1 6 to lock a suture extending there- 
through, as will be discussed below. The insert 16 can 
also have a generally cylindrical shape such that it can 
be slidably received within the lumen 14 of the sleeve 
1 2. An inner lumen 22 can extend between proximal and 
distal ends 1 6a, 1 6b of the insert 1 6 for receiving a suture 
therethrough. As shown in FIGS. 1 A and 1 B, the insert 
16 can also include a suture-receiving cavity 18 formed 
in the distal end thereof. The cavity 1 8 is effective to sep- 
arate or split the distal end of the insert 1 6 such that the 
opposed ends of the insert 1 6 can be compressed toward 
one another. In an exemplary embodiment, at least a 
portion of the lumen 14 has an inner diameter that is 
smallerthan an outer diameter of a compressible portion 
of the insert 16 to compress the insert 16 when it is re- 
ceived therein. As shown in FIG. 1 B, a distal portion of 
the lumen 14 in the sleeve 12 has a reduced diameter 
that is effective to compress the distal portion of the insert 
16 around the suture receiving cavity 18. As a result, a 
suture extending through the suture receiving cavity 18 
will be engaged therein. As further shown in FIG. 1 A, the 
suture receiving cavity 18 can include opposed ridges 
1 8a, 1 8b formed therein and extending transverse to the 
lumen 22 in the insert 1 6. The ridges 1 8a, 1 8b can facil- 
itate engagement of a suture positioned therebetween 
and pulled into the lumen 22. A person skilled in the art 
will appreciate that a variety of other techniques can be 
used to engage a suture within the insert 1 6 or between 
the insert 1 6 and the sleeve 1 2. 

[0028] As further shown in FIGS 1 A and 1 B, the knot- 
ting element 10 can also include a locking mechanism 
formed between the outer sleeve 12 and the insert 16 
and adapted to prevent the insert 1 6 from backing out of 
the sleeve 12 once received therein. While the locking 
mechanism can have various configurations, in the illus- 
trated embodiment the distal end 16b of the insert 16 
includes aflange 26 formed thereon, and the inner lumen 
14 of the sleeve includes a complementary cam 27 
formed thereon and adapted to engage the flange 26 
when the insert 1 6 is slid into the sleeve 1 2. In particular, 
as the flange 26 slides past the cam 27, the flange 26 
can engage and abut against a lip 28 of the cam 27. The 
lip 28 will lock the insert 1 6 within the sleeve 1 2 thereby 
preventing the insert 16 from backing out, i.e., sliding 
proximally within the sleeve 12. 

[0029] As previously indicated, the present invention 
provides a suture tensioning device for engaging and 
pulling a length of suture through a knotting element, such 
as knotting element 1 0 shown in FIGS. 1 A and 1 B. FIGS. 
2A and 2B illustrate one exemplary embodiment of a su- 
ture tensioning device 20 having a shaft 30 and a suture 
grasping member 50 movably coupled to the shaft 30. A 
distal end 30b of the shaft 30 can couple to the knotting 
element 1 0, and the suture grasping member 50 is con- 
figured to grasp a suture and pull it through the knotting 
element 1 0 to allow the knotting element 10 to lock and 
engagethe suture therein. The device 20 can also include 
an actuation mechanism 46 formed on the shaft 30 that 



can be actuated to lock the knotting element 1 0 with the 
suture therein. The device 20 can also include features 
to release the knotting element 10. 
[0030] The shaft 30 of the device 1 0 is shown in more 
5 detail in FIG. 3. While the shaft can have any shape and 
size, in the illustrated embodiment the shaft 30 has a 
generally elongate body in the form of a housing having 
proximal and distal ends 30a, 30b. The proximal end 30a 
of the shaft 30 can be in the form of, or can include, a 
10 handle for grasping and manipulating the device. The 
distal end 30b of the shaft 30 can removably mate to the 
knotting element, as will be explained below in more de- 
tail. An inner lumen 34 can extend between the proximal 
and distal ends 30a, 30b of the shaft 30 for slidably re- 
's ceiving the suture grasping member50, as shown in FIG. 
2B. The length of the shaft 30 can vary depending on the 
intended use. For example, in one exemplary embodi- 
ment, the length can be configured for endoscopic use, 
and all or portions of the shaft 30 can be flexible to ac- 
20 commodate an endoscopic procedure. 

[0031] As indicated above, the distal end 30b of the 
shaft 30 is preferably adapted to removably mate to the 
knotting element 10. While various mating techniques 
can be used, in one exemplary embodiment the shaft 30 
25 can include a mating element formed on the distal end 
thereof and adapted to removably mate to a complemen- 
tary mating element formed on the knotting element 1 0. 
In the illustrated embodiment, the distal end 30b of the 
shaft 30 includes first and second pins 32a, 32b formed 
30 thereon and adapted to be slidably received within first 
and second bores 13a, 13b formed in the proximal end 
of the outer sleeve 12 of the knotting element 10. The 
pin(s) and bore(s) can have various shapes and sizes, 
and they can be effective to mate to one another using 
35 a snap-fit, interference fit, or other engagement tech- 
nique. Exemplary pin shapes include cylindrical and hex- 
agonal. In use, the mating element is effective to secure 
the sleeve 1 2 to the shaft 30 during the suture tensioning 
procedure. A person skilled in the art will appreciate that 
40 other available matingtechniques can be used including, 
for example, a magnetic engagement, a twist lock con- 
nection, or a threaded mating connection formed be- 
tween the sleeve 12 of the knotting element 1 0 and the 
shaft 30. 

45 [0032] As shown in FIG. 4, the shaft 30 can also include 
an actuator adapted to advance the insert 16 into the 
sleeve 12 of the knotting element 10 to thereby lock a 
suture within the knotting element 10. In one embodi- 
ment, the actuator can be in the form of a rod 40 that 
50 extends through the inner lumen 34 of the shaft 30. The 
rod 40 can have an inner lumen 42 extending from a 
proximal end 40a to a distal end 40b thereof for receiving 
the suture grasping member, which will be described be- 
low in more detail. The distal end 40b of the rod 40 can 
55 abut against the insert 1 6 of the knotting element 1 0 to 
move the insert 16. In an exemplary embodiment, the 
rod 40 can include a mating element formed on the distal 
end 40b thereof and adapted to removably mate to a 
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complementary mating element formed on the insert 16 
of the knotting element 1 0. While the mating element can 
have a variety of configurations, in one embodiment, the 
mating elements 24, 44 associated with the insert 1 6 and 
the rod 40 can be similar to the mating elements 1 3, 30 
described above. For example, as shown in FIG. 4, the 
distal end 40b of the rod 40 includes first and second 
pins 44a, 44b formed thereon and adapted to be slidably 
received within first and second bores 24a, 24b formed 
in the proximal end of the insert 1 6 of the knotting element 
1 0. The pin(s) and bore(s) can have various shapes and 
sizes, and they can be effective to mate to one another 
using a snap-fit, interference fit, or other engagement 
technique. Exemplary pin shapes include cylindrical and 
hexagonal. As with the mating element described above, 
other available mating techniques can be used including, 
for example, a magnetic engagement, a twist lock con- 
nection, or a threaded mating connection formed be- 
tween the insert 16 of the knotting element 10 and the 
rod 40. In use, the rod 40 can be slidably movable within 
the inner lumen 34 of the shaft 30 to advance the insert 
1 6 into the sleeve 1 2 of the knotting element 1 0. Various 
techniques can be used to move the rod 40 relative to 
the shaft 30 including, for example, a handle, knob, or 
lever. In the embodiment shown in FIG. 4, a handle 46 
is disposed on the proximal end 40a of the rod 40 and is 
positioned within a slot 36 formed in the shaft 30. The 
handle 46 on the rod 40 can slidably move between a 
proximal position in which it retains the insert 16 within 
the shaft 30, and a distal position in which the insert 16 
is advanced into the sleeve 12. Once the insert 16 is 
locked within the sleeve 1 2, as described above, the rod 
40 can be released from the insert 16 by retracting the 
rod 40. The locking mechanism will prevent the insert 
from being retracted with the rod 40. 
[0033] As shown in FIGS. 2A, 2B and 5, the tensioning 
device 20 can also include a suture grasping member 50 
that is adapted to grasp a suture and pull the suture 
through the knotting element. The suture grasping mem- 
ber 50 can have virtually any shape and size, but in one 
exemplary embodiment it has a generally elongate con- 
figuration with a proximal end 50a extending from the 
proximal end 30a of the shaft 30 and a distal end 50b 
extending through the shaft 30, rod 40, and knotting el- 
ement 10. The proximal end 50a of the suture grasping 
member 50 can be movably coupled to the shaft 30, and 
the distal most end 50b of the suture grasping member 
50 can include an engagement mechanism, such as a 
hook 52, formed thereon for engaging a suture. Other 
techniques, such as grasping devices, can be used to 
engage a suture. As further shown in FIGS. 2A, 2B, and 
5, a handle can be disposed at the proximal end 50a of 
the suture grasping member 50 for advancing and re- 
tracting the member between a distal position in which 
the distal end 50b of the suture grasping member 50 ex- 
tends beyond the distal end 30b of the shaft 30 to grasp 
a length of suture 60, and a proximal position in which 
the distal end 50b of the suture grasping member 50 is 



pulled through the knotting element 1 0. In an exemplary 
embodiment, the suture grasping member 50 is formed 
from a thin wire made of a rigid or semi-rigid material, 
and it has an elongate length to facilitate use in an en- 

5 doscopic procedure. 

[0034] FIGS. 6A-6D illustrate the device 20 in use for 
tensioning and locking a length of suture having opposed 
ends extending through tissue (not shown). The device 
20 can be inserted into the body, for example, through 

10 an access port or, in a preferred embodiment, endoscop- 
ically (i.e., through a natural orifice such as the esopha- 
gus). The device 20 can be used in conjunction with an 
endoscope or it can optionally include on-board image 
gathering and/or display optics to facilitate endoscopic 

15 viewing. Once the device 20 is positioned in the body 
proximate to suture 60 to be tensioned, the suture grasp- 
ing member 50 can be advanced such that a distal portion 
of the member 50 extends distally from the distal end 30b 
of the shaft 30 and from the knotting element 10. As 

20 shown in FIG. 6A, the suture grasping member 50 can 
be manipulated to engage the suture 60 using the hook 
52 formed on the distal end 50b of the member 50. After 
engaging the suture 60, the suture grasping member 50 
can be retracted by pulling the handle 54 on the proximal 

25 end of the suture grasping member 50 to pull the suture 
60 through the knotting element 10 thereby tensioning 
the suture 60 as shown in FIG. 6B. The tension can be 
adjusted by moving the suture grasping member 50 to a 
desired position. The suture 60 can then be locked within 

30 the knotting element 1 0 by advancing the rod 40 distally 
to cause the insert 16 to be advanced into and com- 
pressed by the sleeve 12, as shown in FIG. 6C. As the 
insert 1 6 is slidably received by the sleeve 1 2, the flange 
26 formed on the insert 1 6 slides over the cam 27 formed 

35 on the sleeve 12. Once the flange 26 has cleared the 
cam 27, the flange 26 engages the lip 28 adjacent to the 
cam 27 and the insert 1 6 is prevented from backing out. 
The reduced diameter region in the lumen 14 will com- 
press the insert 1 6 to lock the suture therein. 

40 [0035] After locking the suture 60 within the knotting 
element 1 0, the knotting element 1 0can be released from 
the device 20. In one exemplary embodiment, the insert 
1 6 can be released from the rod 40 by retracting the rod 
40. As described above, as the rod 40 is retracted, the 

45 Hp 28 on the sleeve 12 will engage the flange 26 on the 
insert 1 6 to retain the insert 1 6 within the sleeve 12. The 
sleeve 12 can be released from the shaft 30 by, for ex- 
ample, retracting the pins 32a, 32b on the distal end 30b 
of the shaft 30 using an actuating mechanism (notshown) 

50 that extends through the shaft and is coupled to or inte- 
grally formed with the pins. In other embodiments, the 
rod 40 can be rotated after it is detached from the insert 
1 6 such that the pins on the rod 40 are offset from the 
bores in the insert 16. The rod 40 can then be moved 

55 distally to push the knotting element 10 off of the distal 
end of the shaft 30. In yet another embodiment, the 
sleeve 1 2 can be threadably released from the shaft 30. 
A person skilled in the art will appreciate that a variety of 
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other techniques can be used to release the knotting el- 
ement. 

[0036] In another exemplary embodiment, the suture 
tensioning device 20, or portions thereof, can be de- 
signed to be disposed of after a single use, or it can be 
designed to be used multiple times. In either case, how- 
ever, the device can be reconditioned for reuse after at 
least one use. Reconditioning can include any combina- 
tion of the steps of disassembly of the device, followed 
by cleaning or replacement of particular pieces, and sub- 
sequent reassembly. By way of example, the suture ten- 
sioning device and its components shown in FIGS. 1 A- 
5 can be reconditioned after the device has been used 
in a medical procedure. The device can be disassembled, 
and any number of the particular pieces (e.g., the shaft 
30, the rod 40, the knotting element 10, or the suture 
grasping member 50) can be selectively replaced or re- 
moved in any combination. For instance, the knotting el- 
ement can be replaced by a new knotting element, while 
the remaining pieces are sterilized for reuse. Replace- 
ment of pieces can also include replacement of portions 
of particular elements. Upon cleaning and/or replace- 
ment of particular parts, the device can be reassembled 
for subsequent use either at a reconditioning facility, or 
by a surgical team immediately priorto a surgical proce- 
dure. Those skilled in the art will appreciate that recon- 
ditioning of a suture tensioning device can utilize a variety 
of techniques for disassembly, cleaning/replacement, 
and reassembly. Use of such techniques, and the result- 
ing reconditioned suture tensioning device, are all within 
the scope of the present application. 
[0037] Persons skilled in the art will understand that 
the devices and methods specifically described herein 
and illustrated in the accompanying drawings are non- 
limiting exemplary embodiments. The features illustrated 
or described in connection with one exemplary embodi- 
ment may be combined with the features of other em- 
bodiments. Such modifications and variations are intend- 
ed to be included within the scope of the present inven- 
tion. As well, one skilled in the art will appreciate further 
features and advantages of the invention based on the 
above-described embodiments. Accordingly, the inven- 
tion is not to be limited by what has been particularly 
shown and described, except as indicated by the append- 
ed claims. 



knotting element to lock and engage the suture. 

2. The device of claim 1 , wherein the suture grasping 
member is slidably disposed within an inner lumen 

5 formed in the shaft and extends through at least a 
portion of the knotting element. 

3. The device of claim 1 , wherein the suture grasping 
member includes a hook formed on a distal end 

10 thereof and adapted to engage a length of suture. 

4. The device of claim 1 , wherein the distal end of the 
shaft and a proximal end of the knotting element in- 
clude a mating element adapted to removably mate 

15 knotting element to the shaft. 

5. The device of claim 4, wherein the mating element 
comprises at least one pin and at least one bore 
adapted to receive and engage the pin. 

20 

6. The device of claim 5, wherein the at least one pin 
is sized to be held in the at least one bore by inter- 
ference fit. 

25 7. The device of claim 1, wherein the knotting element 
includes an outer sleeve and insert receivable within 
the outer sleeve to lock a suture therein. 

8. The device of claim 7, wherein the insert is sized to 
30 secure a suture by interference fit within the outer 

sleeve. 

9. The device of claim 7, wherein the insert is com- 
pressible, and wherein the outer sleeve is sized to 

35 compress the insert therein. 

1 0. The device of claim 7, wherein the insert and knotting 
element include a locking mechanism formed ther- 
ebetween and adapted to prevent the insert from 

40 backing out of the sleeve once received therein. 
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Claims 

1. A suture tensioning device, comprising: 50 

a shaft having proximal and distal ends; 
a knotting element removably coupled to the dis- 
tal end of the shaft and adapted to receive a 
suture and to lock to engage the suture; and 55 
a suture grasping member movably coupled to 
the shaft and configured to grasp a suture and 
pull it through the knotting element to allow the 



6 



EP1 844 715 A2 




EP1 844 715 A2 




8 



EP1 844 715 A2 




9 



EP1 844 715 A2 




10 



EP1 844 715 A2 



Fig, 3 
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Fig. 4 
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